AN investigation of the bacterial infections of the urinary tract in paraplegics has been carried out for the last four years at Edenhall Hospital in two wards which are reserved for patients suffering from spinal injury. The turn-over of patients in these wards is very slow and the total number of patients examined in this period was only 96. In a few cases only one examination was made and at the opposite extreme 75 or more. The majority, however, had 5 to 25 specimens examined. A factor of variation was that while a few patients were admitted within 3 to 10 days of injury, others had been paralysed for 20 or more years, some in consequence of injuries suffered in the Second World War. The general investigation was directed especially to the following points:
(i) the variety of bacteria involved in the urinary tract infections of para plegics and their relative importance; (ii) the influence of these infections on the pH level of the urine and the separation of calcium salts; (iii) the prevention of such infections and their cure, spontaneous or by medication; (iv) evidence of symbiotic or antagonistic relationships between the different bacteria concerned.
Survey of Literature. There is, of course, an extensive literature which deals with many aspects of urinary infection in paraplegia. The general significance of infection has been amply explored, but less attention has been given to discriminating between the various types of infection and determining their relative significance. The chief points established in this literature are that infection is extremely common or even invariable. For Comarr (1961) , infection is usually established when an indwelling catheter has been in situ for three days and often persists long after the catheter has been withdrawn. Dick (1952) , reviewing 178 cases treated at Winwick between 1940 and 1948, found that although six different techniques were adopted, all were followed by infection. Talbot and Romsey (1955) , did not find any patient free from infection among 120 para plegics in the Peter Bent Brigham Hospital, although 37 of these were catheter-free. Guttmann (1953) , in a survey of the Second World War paraplegics, states that none of the 306 men who came to Stoke Mandeville having already had a suprapubic cystotomy escaped infection, and that even with intermittent catheterisation, which he recommended in the early stages, infection was invariable. Later, however, intermittent catheterisation has been continued until bladder function has been restored and the urine has been kept free from infection for many weeks (Guttmann, 1957; Colley & Frankel, 1963) .
A second point on which there is general agreement is that the sequelae of infection of the urinary tract, especially the late sequelae, are the chief cause of fatalities among paraplegics. From a general survey of the literature Comarr (1961) puts the mortality from renal disease in paraplegics as 27 per cent. Damanski and Gibbon (1956) , surveying a group of paraplegics over several years, found that among the 25 deaths which occurred, 16 were due to uraemia, pyelonephritis being a contributory factor in 12, calculus in 5 and reflux in 4. recognition of Ps. pyocyanea, and in one by McLeod et al. (1963) in which the criteria for the existence of bacterial infection of the urinary tract are discussed.
Quantitative Estimates of the Weight of Infection. In view of the varying extent to which different bacteria are inhibited or favoured in different media and the tendency of one bacterium to favour or check the growth of another, it is obvious that an exact determination of the proportions in which bacteria are actually present in the urinary tract is difficult and would be impossible in the time available for the examination of 15 to 30 specimens every week. The rough method adopted was therefore to spread a small drop of the centrifugal sediment, delivered with a fine capillary pipette, to each of three solid media in plates; heated blood agar, MacConkey's agar and 0·3 per cent. dettol agar respectively. A confluent growth over the whole plate was given a +++ value and was represented by 30 small squares of the graph paper on which results were charted. A growth confluent on half the plate with scattered colonies on the other half was given a ++ and 20 square value and so on. The confluent growth with swarming proteus gave most difficulty since on agar or blood agar which was moist a moderate number of colonies !night give rise to a confluent growth over the whole surface. This was controlled, how ever, by the MacConkey plate and the number of non-lactose-fermenting colonies which it carried. The differentiation between non-swarming proteus and other non-Iactose fermenting colonies was overcome latterly by subculturing a selection of discrete colonies to plates of Christensen medium (1946) on which the urea-splitters were readily distin guished from bacteria which did not hydrolyse urea, after half to three hours' incubation. When growing on Christensen's medium A. aerogenes splits urea much more slowly than B. proteus and can be distinguished from the latter by the lower pH developed and much more abundant growth.
pH Estimations. These were done with the usual comparator-box after a pre liminary test with a Universal indicator had shown whether methyl red, bromthymol blue, phenol red or cresol red would cover the appropriate range. Urines with reactions at the upper end of the cresol red range were tested with phenolphthalein and according to the strength of reaction assumed to be at pH : 9 or beyond. From time to time a reaction was checked electrometrically with the pH meter. There were no serious divergences.
It is obvious that fluctuations in pH levels and in the number of living bacteria are liable to occur after the urine has left the bladder. This certainly does happen in urines heavily infected with B. proteus strains since these may give rise to rapid hydrolysis of urea and the development of high levels of pH, 9 or more, which are bacteriostatic or bac tericidal. It is therefore important that determinations of pH level and of the number of living bacteria present in the urine should be carried out soon after it has left the bladder.
Procedure in Catheter Management of Patients and Transfer of Urine
Samples to the Laboratory. A few cases received uninfected had their catheters changed daily by procedures described by McLeod et al. (1963) , as long as they remained uninfected. Samples were taken from the catheter before removal in these cases. Most patients had indwelling catheters which were connected by tubing to Winchesters fitted with metal screw-caps and containing adequate antiseptic to keep the content of the Winchester sterile. In collecting samples the cap was unscrewed and the urine allowed to run into the 'universal container' in which it was transmitted to the laboratory.
A rapid dispatch of specimens to the laboratory was made by the ward staff or by messenger sent from the laboratory and examination was carried out on receipt of the specimen. The usual interval between collection and examination of specimens was 15 to 45 minutes. There were, of course, a few exceptions.
Indwelling catheters were changed weekly unless blockage made it necessary after a shorter interval.
On change of indwelling catheter, the bladder was washed out with 1-5000 Hibitane the parts were cleaned up with 1-1000 stainless merthiolate and a fresh catheter was introduced by a non-touch technique; KY jelly was used for lubrication.
Midstream specimens were taken without special preparation and collected in 30-ml. screw-capped bottles.
Quantitative Estimates of Red Blood CorpuscJes and Leucocytes. These estimates were based on the measurement by calipers of the centrifugal deposit from 5 ml, of urine in a round-bottomed tube, combined with an assessment of the cellular, bacterial and amorphous or crystalline elements in the deposit revealed by examination under oil-immersion lens of Leishman-stained films and in many cases also of wet preparations.
If operating in this way a deposit of 5 mm. diameter or more is observed and polymor phonuclear leucocytes are readily distinguished in it by an experienced observer the urine is abnormal.
Exact quantitative estimates of both cells and bacteria in urine are much in vogue at the present day; but in the opinion of the authors subjection to statistical analysis of figures for the total content of nucleated cells in the urine has very little meaning when the polymorphs and non-squamous epithelial cells are not differentiated, as in the work, for example of Houghton and Pears (1957) . It may be that more significant results will be ob tained by the combination of counting-chamber and oxidase reaction, as in the very recent published work of Prescott and Brodie (1964) . Work on the histological evidence for pyelonephritis repeatedly emphasises the recognition of polymorphonuclear leucocytes in the inflamed tissues as an essential criterion of this disease, for example McDonald et al. (1957) and Kimmelstiel et al. (1961) .
In respect of bacterial counts significant bacteruria has been widely accepted as lOG bacteria/ml. of urine, following the work of Kass (1955) , Kass and Sossen (1959) , corrob orated by Brumfitt et al. (1961) and many others. However true this may be for mid stream specimens of urine taken from selected groups of co-operative adults who are physically fit, it leads, when applied to samples of urine obtained from young children or from adults who are gravely ill, to erroneous conclusions and ill-directed antibiotic therapy. This is indicated by the comparison of catheter and 'midstream' or clean catch specimens as in the work ofPryles et al. (1961) and in our own on paraplegic patients, and on children (Braude & McLeod, unpublished) .
In these estimations of the cell-content of urine Bacillus proteus is a source of diffi culty since in the highly alkaline urine with which it is often associated the cells undergo disintegration and stain poorly. The levels shown for blood cells in the more active proteus infections are therefore probably unduly low, and may well account for some of the findings of bacteruria without associated pyuria which are reported in the literature.
Casts and Crystals. The appearance of casts was rare in this series of cases but was particularly significant in two cases, to which reference will be made later. Triple phos phates were repeatedly recognised in cases of proteus infection, but in view of the exten sive use of sulphonamides, antibiotics, etc., and the appearance of some of these in various crystalline forms in the urine it was not considered useful to record the appearance of crystals without making an elaborate study of those likely to be derived from drugs.
Antibiotics. All antibiotics administered have been entered at the top of the charts and indicated by an initial letter or letters. The period of administration is indicated directly in Charts 3 and 4 and in days by numbers in Charts 1 and 2.
Dosage has been 1 mega unit per diem in two doses for crystamycin and penicillin and 1 gramme per diem in four doses for chloromycetin, tetracycline and kanamycin. ::;
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RESULTS
The Extent to which Infection of the Urinary Tract occurs in Para plegia. The answer to this question in so far as this series of cases and other published series give it, is that where an indwelling catheter is used and left in situ, all become infected in 2 to 12 days. This has been observed even in a patient ad mitted with uninfected urine and before removal of the Gibbon catheter (1958), introduced soon after injury.
With the exception of rare cases which reached Edenhall within a few days of injury, the urine was found to be infected irrespective of the hospital from which the patient came, and patients whose urine was faultless or only showed trivial infection when first admitted were usually found to be infected after the catheter with which he or she arrived had been withdrawn. It is, of course, possible that this was due to infection arising from an inadequate technique in the wards at Edenhall, but it seems much more likely that bacteria present high in the urethra owing to a urethritis set up by the presence for a week or more of a foreign body, the catheter, are carried up to the bladder when the second catheter is introduced.
Actually the only patients who have escaped infection altogether or had no more than a trivial one have been (a) those who owing to an incomplete lesion have not required a catheter or only needed one for a short period, (b) one whose bladder was emptied by heavy external pressure until he was educated to control it.
Variety of Bacteria which cause Infection of the Urinary Tract in
Paraplegics and their Relative Importance. All the patients had their urinary infections, the appearance of blood and leucocytes in the urine and its pH set out in a series of charts to facilitate correlation of these observations. Charts 1 and 2 are reproduced to indicate the kind of record which resulted, but Charts 3 and 4 were designed to show correlation of infection and fever and omit observations of pH level. The bacteria which appeared with sufficient frequency to merit discussion of their relative importance as sources of infection were the following: Aerobacter aerogenes, Bacillus proteus (mostly Proteus mirabilis), Enterococcus, Escherichia coli, Bacillus providencia, Pseudomonas pyocyanea, Staphylococcus aureus (coagulase positive), Staphylococcus albus, yeast, diphtheroids and some unclassified coliforms. When the bacteria are placed in the order of the number of cases in this series in which they appeared at one time or another, the order was found to be as given in Table I There was no clear indication that the diphtheroid bacilli were a source of inflammation. It appears from Chart 3 that yeasts may excite a mild inflammatory reaction but their incidence in the series was low and they appeared to be readily replaced by bacteria.
The abundance of the bacteria in the cases in which they appeared was taken into account as well as the percentage of cases in which they occurred. The chief result of such an assessment was to give additional emphasis to the part played by B. proteus and Ps. pyocyanea and to indicate an even lesser role for the staphylo coccus.
As the number of female cases was small, 15, the minor contrasts between incidence of infection in the sexes need not be considered. A markedly higher rate of E. coli infection in the female is probably significant. The figures are too small to permit of firm conclusions but the indications suggested are that pyocyaneus, aero genes and, to a lesser extent proteus infections tend to persist and that E. coli and to a less extent providencia infections tend to disappear. The factors which are likely to operate in producing sequences of different infec tions are, however, very complex. Among these are exposure to reinfection, the susceptibility of the infections to the antibiotics administered to the patients, the ability of one strain of bacterium to eliminate another when they are in competition in the urinary tract or conversely their capacity for symbiosis, the development of immunity to an infection developed in the tissues of the host, and in all probability peculiarities in the metabolism of the host such as those leading to unusually low pH levels in the urine.
Other Evidences of the Relative Severity of Different Bacterial
Infections in Paraplegia. Such evidence was sought (a) in the presence of blood in the urinary sediment in infections with different types of bacteria; (b) in the amount of pus in the urinary sediment, and (c) in the correlation between fever and weight of infection with different types of bacteria.
Correlation of Appearance of Blood and Pus in the Urinary Sediment
with Different Types of Infection. A good deal of information on the subject is provided by the charts in this paper. A factor of difficulty in these correlations already referred to is the disintegrating effect of highly alkaline urines on both red and white blood corpuscles. Other factors are that trauma to the viscera related to the original injury may be responsible for blood present in the urine of patients admitted soon after injury. Also in the female a M. S.U. may occasionally contain traces of menstrual blood. It has therefore to be taken into account that in the case of heavy proteus infections the figures for both blood and leucocytes may be unduly low. The two considerations mentioned above as possible sources of error in assessing the significance of blood in the urine as an indication of the severity of infections by any given type of bacterium should operate equally for all infections unless some types of infection are more common in females than in males. This was the position as regards E. coli infections for which the incidence was more than twice as high in females as in the whole series. In Table III the percentage showing positive correlation (column 3) indicates the proportion of patients carrying the infection named who showed haematuria on one or more occasions when that infection was dominant, and column 4 shows the total number of examinations made when that infection was dominant.
The percentage showing positive correlation (column 5) means the percentage of all examinations made on occasions when the named infection was dominant which revealed haematuria.
The order in which the different infections appear in the above table is de termined from considering the results in columns 3 and 5. Similar correlations were worked out for pyuria and showed that it occurred in 80 to 100 per cent. of all cases with the exception of those due to B. proteus, which were lowest at 67 per cent.
Association of Fever with the Infection. The development of fever is a generally recognised sequel to the invasion of the human body by pathogenic bacteria but not at all stages a feature of such invasion. The frequency with which the presence of a bacterium in the urinary tract is associated with febrile mani festations, however, is a valuable indication of its pathogenic role in that tract.
The correlation of infection with fever has therefore been investigated in two ways:
(a) A positive correlation was recorded if at any stage in the infection a heavy incidence of the bacterial species in question had been shown to correspond to a record of fever on the patient's temperature chart, irrespective of the simultaneous presence of other species of bacteria. Such correlations were recorded as a per centage of all patients infected with that bacterium.
(b) All heavy infections with the bacterium under consideration which occurred in the absence of any other infection unless a trifling one were recorded as positive if associated with fever and negative in the absence of fever.
The assessment under these two schemes are the bases of the statements made about correlation of fever and infection in Table IV . The assessment under scheme (b) was similar to that under (a) except that B. proteus appeared to be less, and B. providencia more, closely associated with fever.
Infection
Ps. pyocyanea B. proteus
TABLE IV
Characteristics 61 per cent. correlation with fever. High incidence and persistence. Haematuria and pyuria frequent. 50 per cent. correlation with fever. Very high incidence. Outstanding in producing alkaline urine with separation of calcium salts.
Aer. aerogenes
Esch. coli 50 per cent. correlation with fever. Moderate incidence and persistence. Pyuria frequent: tolerant of high pH levels.
23 per cent. correlation with fever. Moderate incidence but considerable persistence. Association with pyuria and haematuria low.
25 per cent. correlation with fever. Moderate incidence and low persistence. 
-----------------
I
Enterococcus 1 ---60 per cent. correlation with fever. Low incidence. High association with pyuria and haematuria.
Incidence low and correlation with fever not attempted. Considerable association with pyuria and haematuria. If, however, their order of importance is determined by the evidence of pathogenicity derived from their association with fever, haematuria, pyuria and persistence of infection, a different order is suggested:
Ps. pyocyanea > Staph. aureus > Enterococcus> B. providencia > Proteus species = Aer. aerogenes > E. coli.
The chief significance of the different bacteria is set out in Table IV . It is of course obvious that the position of infections in such a scheme will be in part affected by their sensitivity to the antibiotic and other remedial agents most used, and this may in some part explain the prominence of pyocyaneus and the lesser role of E. coli in this group of infections.
The Relation of the Different Infections to pH Levels in the Urine. It is in this connection that some of the finding, have been so consistent as to be undoubtedly significant.
Observations on 50 patients over considerable periods in which infection was absent or very slight showed ranges of pH level between 4 and 7"4 with an average pH value of 5'8. Taking, therefore, pH values of 5 or less as unusually acid urines we find such values to be characteristic of infections with E. coli or Aer. aerogenes. Urines with high pH, i.e. 8 or >8 were very constantly associated with proteus infec tions or mixed infections in whichB. proteus was prominent. Thus there was a very strong correlation between high reactions, 8'5 to 9 or beyond, and the presence of B. proteus. This association of high pH and proteus infection is obviously impor tant and is accompanied in most cases by a heavy secretion of mucus, the separation of triple phosphate crystals and considerable disintegration of leucocytes and red blood corpuscles. Sanford et al. (1956) note the common association of proteus infection, alkaline urine and the absence of pyuria.
An obvious and simple explanation of the highly alkaline urine in proteus infected patients is the capacity of these bacteria to produce urease which hydrolyses urea to ammonia. In a few cases high alkalinity of the urine persists over many months but more often it is a phase in a proteus infection and is preceded or followed by periods in which the proteus is present in smaller numbers and associated with other bacteria and a considerably lower level of pH.
It is difficult to explain why a proteus infection once established in the urine fails to produce a persistently alkaline reaction. Such failures were frequently observed. If the urine of patients with proteus infection is examined within five minutes of voiding, many show pH levels within the range of 6'5 to 7'5, but on standing develop high values 8'5 to 9. This development of high alkalinity has not been observed in the absence of B. proteus but develops with varied rapidity in different specimens in which that bacterium is present and is rarely absent after the specimen has stood on the bench overnight. Factors which control this change may be the presence of other bacteria which check the growth of B. proteus or use the NH3 split from urea as a source of nitrogen; but stagnation appears to be the most important factor.
It is likely that stagnation also operates in an important way in the urinary tract and that in pockets at the base of the bladder and elsewhere levels of pH exist which are not indicated by mid-stream samples. Evidence of this was obtained in a case of paraplegia examined recently in which several samples taken as the urine flowed freely from a catheter and examined forthwith showed the presence of B. proteus in large numbers, pH values of 7'3 but few if any recognisable leucocytes. The last 2 or 3 ml. of urine voided, however, consisted of thick muco-pus, loaded with triple phosphate crystals and showing a high pH level.
Relation of Variety of Bacterial Infection to Formation of Stone or
Incrustation. Although there are many references to the association between stone formation and proteus infection of the urine in the literature there are relatively few publications in which emphasis is laid on the fact that the conditions which lead to the separation of calcium salts are produced more constantly by the proteus group of bacteria than by any other and that consequently they have a unique role in the formation of stone and incrustation.
Thus Damanski (1963) , discussing stone formation in the urinary tract in para plegia, mentions urea-splitters such as B. proteus as contributing considerably to the full growth of stones and Colley and Frankel (1964) mention the frequent occurrence of stone formation in Proteus mirabilis infections, but only as an explanation of the difficulty of antibiotic treatment of such infections.
If reference is made to recent editions of some of the well-known textbooks of surgery it is found that Badenoch (1958) states that the stone in infected urine is usually composed of triple phosphates and due to Staph. albus or B. proteus. Rose and Carless on the same subject (1960) state that phosphatic renal calculi are usually due to B. proteus or Staphylococcus: Handfield-Jones and Porritt (1957) mention Staphylococcus, B. proteus, Streptococcus and B. typhosus as appearing in alkaline infected urine. Finally, Bailey and Love (1962) generalise on the role of urea splitting bacteria in the generation of stones, mentioning Streptococcus, Staphylo coccus and Proteus. Aird (1957) , however, in discussing alkaline-encrusting cystitis, gives a more convincing description of the role of B. proteus and the importance of this micro organism in stone production had already been emphasised by Stol (1945) .
The point which we wish to r..ake is that an established proteus infection means that the patient concerned is at once menaced with stone formation.
It is generally recognised that the stones which appear in the urinary systems of paraplegics are rather soft stones in which the principal constituent is Ca, Mg, NH4, phosphate or triple phosphate: Comarr et al. (1961 ), Damanski (1963 . Williams (1963) states that such stones are formed on a fiuco-protein matrix and that two out of six examined in children were found to be associated with pro teus infection. He does not mention any bacteriological detail in relation to the others.
When, therefore, proteus infection produces a highly alkaline urine the con ditions required for stone formation are established, i.e. urine with a high content of mucus in which triple phosphate crystals and amorphous phosphates are sepa rating.
The view suggested in much of the literature that a variety of urea hydrolysing bacteria are of equal importance in promoting stone formation is not supported by closer investigation, in our experience. When grown in Christensen's (1946) urea medium proteus strains develop a reaction so alkaline that it markedly inhibits their own growth. On the same medium staphylococcus and Aerobacter aer. produce a slower and less extreme change of reaction and grow relatively well.
In all 96 cases pH levels and varieties of bacterial infection were recorded. The charts often showed close correlation between high pH values and heavy pro teus infection but rarely a similar correlation for other bacterial infections except when they were associated with proteus as a mixed infection.
To sum up, the conditions favourable to stone formation were frequently produced in the presence of proteus infection but seldom in that of Staphylococcus or other bacteria.
Actual Observations of Formation of Stone and Incrustation. Total cases 96, of which 21 developed stone and one incrustation only: that is to say a 23 per cent. incidence of calculus or calcareous deposit in the series. This compares unfavourably with the rates recorded by Dick (1952) The cases can be divided into three groups:
Cases in which a stone had developed prior to the initiation of bacteriological investigations. There were seven of these and all showed proteus infections subsequently during some part of the period of observation. Three of these showed considerable incidence of pyocyaneus at one stage and one showed a providencia infection. Staphylococcus, E. coli and Aer. aero genes were not found to be abundant at any stage in these investigations.
Group II. Four cases in which stone formation occurred during the period in which bacteriological observations were made but which did not show a close correlation between periods of heavy proteus infection and the appearance of stones. At the time of stone formation one of these showed a considerable pyocyaneus infection and another showed a combined staphyloccocus and providencia infection.
Group I I I. Eleven cases in which there was a heavy proteus infection at the time of appearance of stones or in the six months prior to such appearance.
There were six which also showed pyocyaneus in these periods, two aerogenes, three staphylococcus, two E. coli and two providencia.
Summary. In every case in which the appearance of stone was recorded there was also a record at one time or another of proteus infection. In seven of these the record of stone formation was in a period when no bacteriological examinations were being made.
Of the remaining 15, I I showed a close correlation between heavy proteus infection, highly alkaline urine and the development of stone. But there were four in which this corre· lation was less obvious.
There was one case in which a heavy incidence of pyocyaneus was recorded at the time of stone formation and another in which a combined staphylococcus and providencia infection coincided.
All the other instances in which pyocyaneus, staphylococcus, aerogenes, E. coli and cprovidencia were numerous at the time of stone formation coincided with heavy proteus infection.
There was, therefore, a close connection between proteus infection and stone formation which, in the cases recorded, was not observed with any other bacterium.
Attempts at Treatment of Established Infection. Very little systematic work was attempted in the treatment of these infections such as the comparison of two groups of patients with similar infections receiving different antibiotics. In four years the patients were under a number of clinicians and a wide range of remedies was administered in the course of their treatment. We have, however, two groups of observations which may throw some light on the general problem of treatment of such infections. These are the records of drugs given and the contin uous records of the infections appearing in the urine of patients.
This permits of a very rough correlation of the disappearance of bacteria and changes of infection under the influence of the antibiotics and other medicaments tested.
Among these infections the data accumulated suggest that Ps. pyocyanea is the most difficult to eliminate and E. coli the easiest.
In view of the frequent appearance of penicillin-resistant strains of staphylo coccus in hospitals in recent years, a point of considerable interest was that the great majority of the staphylococcal strains isolated were sensitive to penicillin and that this antibiotic was responsible for a number of our most satisfactory results. This is illustrated in Chart 3. Frankel and Colley (1963) and Colley and Frankel (1964) have drawn attention to the value of penicillin in providencia infections.
The antibiotics administered seem to have been at best responsible for the substitution of one infection by another during the period in which the catheter was retained, but more successful in the catheter-free period. Hence the removal of the catheter appears to have been an important factor in cure of infection.
Analysis of the Cases in this Series in which a Final Return to a
Urinary Tract free from Infection has apparently been achieved. A com bination of several factors has probably operated in some of these cases in which suitable therapy may have been combined with light infection or spontaneous tendency to recover.
There were 28 patients in the whole series of 96 whose urine was free from pus and bacteria when they left hospital, or later when they were examined as out patients. A few relapses which may have been due to reinfection are recorded. The others have remained free from infection in so far as it has been possible to observe them. These cases are divided into three groups:
Group I. Those who never had an indwelling catheter-there were II of these. Infections were slight and included staphylococcus, enterococcus, proteus and providencia.
Group I I comprised single dominant infections which disappeared. There were two E. coli infections and in one of these and also in a third case infected with proteus the cure appeared to be effected by chloromycetin. The fourth patient (Chart 3) had two separate infections: Aer. aerogenes which yielded to chloromycetin, four days, followed by three weeks' penicillin. Four weeks later he contracted a providencia infection which cleared after a four week course of penicillin. He has remained clear of infection now for 12 months.
Group III. This group includes 13 cases in which more than one in fection occurred and is recorded in Table V. Prophylaxis. It is indicated in what has been said above that cure of an established infection of the bladder in a paraplegic patient is a matter of great diffi culty. It is clear therefore that the prevention of infection should be achieved if at all possible. This has already been discussed in the paper published by McLeod et al. (1963) which supports Guttmann's contention (1953 Guttmann's contention ( , 1957 Guttmann's contention ( , 1961 ) that infection of the urinary tract is diminished or prevented by intermittent catheter isation and frequent changes of catheter.
Using Ps. pyocyanea as an indicator micro-organism since it is rarely a com mensal in the urinary tract (McLeod, 1958) and can be considered a ward infection, it has been demonstrated that this bacterium is found from time to time on the hands of nursing orderlies and of patients. Since there is no agent likely to be tolerated by the skin and suitable for rapid sterilisation of hands so infected (McLeod & Taylor, 1963) , it follows that all procedures of catheterisation and adjustment of tubing connecting catheters to drainage bottles should be made with hands protected by sterile gloves, as has been emphasised by Pyrah et al. (1955) , or under antiseptic precautions.
The storage of urine bottles in tanks of antis petie was recommended by Mc Leod (1958) , and the charging of collecting receptacles with antiseptic adequate to maintain sterility in the urine which accumulates has been repeatedly emphasised (Riches, 1955; Tagart, 1956; Dutton & Ralston, 1957) , and is com�"J.only adopted.
If urine is withdrawn at rather long intervals and indwelling catheters abolished, the restoration of the bladder to automatic function may be more difficult on account of occasional over-stretching of the muscle fibres and consequent loss of tone (Murnaghan, 1961) . The repeated catheterisation under very fastidious measures of technique as described by Guttmann (1953) or change of catheter every 24 hours with antibiotic lavage of the urethra as practised with some cases at Edenhall do involve a heavy load on the staff competent in these operations. They may be required at unusual times in dealing with emergencies, and have in any case to be continued without intermission for a period of weeks or even months.
Prophylaxis of infection is therefore very exacting but well worth while. In most hospitals it will require a reinforcement of trained personnel.
Possible Influence of Bacterial Antagonisms on the Disappearance of
Bacteria from the Urinary Tract. A limited number of observations indicat ing this possibility were made. It would reasonably be expected that the bacteria which. showed greatest persistence would be found to replace others-such are Ps. pyocyanea and Aer. aerogenes.
How far it may be possible to utilise SOfi.1e of these bacterial antagonisms is doubtful, but it would feem possible that the artificial substitution of one of the organisms IT_ost difficult to control by antibiotics, for example Ps. pyocyanea, with a hardy micro-organism of lesser antibiotic resistanc� such as Aer. aeroge'1es, might be followed by the elimination of the latter by a suitable antibiotic such as KanaCase I.B.
Hospital
Infection ; r -io -r -;;;--I - In view of the fact that in the test-tube B. providencia showed higher resistance to alkali than B. proteus it might have been expected to replace the latter when it had given rise to a urine of high pH. The replacement of a proteus bya providencia strain was not often observed, however.
DISCUSSION
The four charts selected from the others and reproduced illustrate a number of the conclusions suggested by the observations recorded in this paper.
No. 1 and 2 illustrate a good and a bad result following treatment with in dwelling catheter. In the case of W. F. the bladder was rapidly trained to natural voiding after stimulation and the catheter was withdrawm. Very soon thereafter his pyocyaneus and other infection disappeared.
Removal of the catheter has not been possible for the patient J. Mcl. and there has been a succession of different infections over a period of more than four years notwithstanding the use of many antibiotics. The pyocyaneus infection de tected repeatedly in this patient's urine between November 1960 and March 1961 disappeared soon after a ten-day course of Polymyxin B methane sulphonate and was not again observed in the course of the ensuing three years although more than 20 careful examinations were made for it in that period. It reappeared, however, in February 1964. The findings in this case as in many others indicate the frequency of cross-infection in wards in which paraplegics are nursed.
Charts 3 and 4 illustrate again a good and a bad result. In these cases, however, two young lads were kept free from coliform infection for 12 and 15 weeks re spectively on daily change of catheter combined with urethral antibiotic irrigation. D. W. contracted an aerogenes infection 13 weeks after injury but it was not till this infection had persisted for four weeks that the appearance of casts in the urine following a sharp spike of fever suggested the development of pyelonephritis. This infection, however, responded well to chloromycetin and he ultimately made an excellent recovery with a urinary tract free from infection. R. A. contracted a combined pyocyaneus and proteus infection 16 weeks after injury. Within a week of this infection the patient developed high fever and was passing a urine loaded with casts which were studded with polymorphonuclear leucocytes. The proteus infection was apparently eliminated by a course of Kana mycin, but the pyocyaneus infection persisted for months. The patient still has an infected urinary tract and his general progress has been most disappointing . .
These two cases support the conclusion about the relative importance of dif ferent types of infection reached from consideration of the whole group of cases. CONCLUSION It is generally agreed that the presence of an indwelling catheter in the urethra for a week or more is invariably associated with infection of the urinary tract and that for many paraplegics the sequel to this is pyelonephritis and ultimate failure of kidney function. It is also generally agreed that cure of established infection is very difficult while the catheter remains in position. It follows, therefore, that elimin ation of infection should be achieved if at all possible and that the most hopeful way of doing so is to eliminate the indwelling catheter.
Some success in this respect has been attained under Dr. Guttmann's system of intermittent catheterisation and also in our hands by combining daily change of catheter and antibiotic urethral irrigation. Such procedures are time-consuming and will require an increase in highly trained personnel. They are, however, well worth further study and development if the present unsatisfactory state of affairs is to be remedied. This is that wards devoted to the care of paraplegics or other patients who require indwelling catheters tend to become hotbeds of infection with the bacteria most capable of causing severe damage in the urinary tract. These are the proteus and pseudomonas species; and patients newly admitted, even if entering free from urinary tract infection, too often become victims of these infections.
